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Previously  conducted  research  and  development  effort  (USAAMRDL  TR  79-16,  Design 
Assessment  of  Advanced  Technology  Lightweight,  Low  Cost,  Mission  Configured  Gondola 
Modules)  analyzed,  assessed  and  selected  advanced  technology  materials  and  compatible 
efficient  design  arrangements  for  a  family  of  gondolas. 

The  program  reported  herein  is  a  follow  on  effort  to  the  above.  This  work  included  the 
design  of  full-scale  HEGS-10  and  HEGS-20  modules,  the  fabrication  of  full-scale  hardware 
and  the  assembly  and  structural  testing  of  the  HEGS-20.  This  effort  has  provided  low 
risk  hardware  to  enter  into  engineering  development,  the  next  phase  in  the  total  develop¬ 
ment  cycle. 
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PREFACE 


This  program  to  design,  fabricate,  and  test  a  lightweight  gondola  system 
•  was  performed  under  Contract  DAAK51 -79-C-0036  with  the  Applied  Technology 
I  Laboratory,  U.  S.  Army  Research  and  Technology  Laboratories  (AVRADCOM), 

Fort  Eustis,  Virginia.  Solomon  G.  Riggs,  Jr.,  of  the  Applied  Technology 
Laboratory  provided  technical  direction  for  the  program. 

The  work  was  performed  at  the  Kaman  Aerospace  Corporation  facilities  in 
Bloomfield,  Connecticut.  John  D.  Porterfield  was  the  principal  enqineer. 

The  author  wishes  to  acknowledge  the  help  of  Solomon  G.  Riggs,  Jr.,  whose 
experience  and  assistance  was  of  great  benefit  in  developing  this  system 
of  gondolas.  The  author  is  also  grateful  to  Robert  Mayerjak,  Joseph 
*  Rembock,  and  Anthony  Rita  of  Kaman  Aerospace  Corporation  for  their  aid  in 

the  development,  design,  analysis,  and  test  of  the  gondola  module  system. 
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INTRODUCTION 


The  functional  and  operational  mission  of  Army  cargo  and  utility-type  heli¬ 
copters  emphasizes  the  need  for  the  development  of  helicopter  external  gon¬ 
dola  systems  (HEGS)  to  provide  for  the  effective,  efficient  and  safe  means 
of  external  transport  of  noncontainerized  cargo.  A  previously  conducted 
research  and  development  effort  (Reference  1)  demonstrated  the  potential 
usefulness  of  a  gondola  system  and  identified  essential  configuration  and 
technological  improvements  needed.  A  subsequent  effort  (Reference  2) 
assessed  advanced  technology  materials  and  compatible  structural  design 
arrangements  for  a  low-cost,  lightweight,  aerodynamically  stable  family  of 
gondolas  (HEGS-10,  HEGS-20,  HEGS-Palletized)  functionally  responsive  to 
the  operational  and  logistical  support  of  Army  combat  and  combat  service 
support  missions.  The  original  objectives  of  the  work  to  be  performed 
under  this  contract  were  to  design  concept  verification  hardware  for  the 
HEGS-10  and  HEGS-20  modules;  to  fabricate  and  test  critical  HEGS-10  and 
HEGS-20  elements/components;  and  to  fabricate  and  test  full-scale  HEGS-10 
and  HEGS-20  assemblies.  The  work  accomplished  under  this  contract  included 
the  design  of  concept  verification  hardware  and  the  design  of  full-scale 
HEGS-10  and  HEGS-20  modules.  Due  to  funding  limitations,  however,  the  fab¬ 
rication  and  test  of  verification  hardware  and  full-scale  assemblies  was 
limited  to  the  HEGS-20  module. 

This  report  presents  the  design  of  the  HEGS-10  and  HEGS-20  modules  and  the 
fabrication  and  assembly  of  the  HEGS-20  module  in  the  main  body  of  the 


1.  GONDOLA  SYSTEM  FOR  HELICOPTER  TRANSPORT  OF  EXTERNAL  CARGO,  Brooks  and 
Perkins,  Inc.,  USAAMRDL-TR-77-28,  Applied  Technology  Laboratory,  U.  S. 
Army  Research  and  Technology  Laboratories  (AVRADCOM),  Fort  Eustis, 
Virginia,  September  1977,  AD  A047560. 

2.  DESIGN  ASSESSMENT  OF  ADVANCED  TECHNOLOGY,  LIGHTWEIGHT,  LOW  COST, 
MISSION-CONFIGURED  GONDOLA  MODULES,  Kaman  Aerospace  Corporation, 
USARTL-TR-79-16,  Applied  Technology  Laboratory,  U.  S.  Army  Research 
and  Technology  Laboratories  (AVRADCOM),  Fort  Eustis,  Virginia,  July 
1979,  AD  A073554. 


report,  the  stress  report  for  the  HEGS-20  in  Appendix  A,  and  the  test 
results  for  the  HEGS-20  in  Appendix  B. 

Schematics  of  the  HEGS-10  and  HEGS-30  modules  are  shown  in  Figure  1. 


HEGS-20 


and  far  end  diagonals  not  shown  for  clarity 


igure  1.  Gondola  module  schematics. 
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DESIGN 


DESIGN  OBJECT  IVES/ PHILOSOPHY 

The  design  criteria  for  the  HEGS-IO  and  HEGS-20  modules  are  as  follows: 

1.  Design  empty  weight  shall  be  as  light  as  practical.  Weight 
goals  are: 

HEGS-10  600  pounds 

HEGS-20  1200  pounds. 

.2.  Payload  capabilities  (including  weight  of  gondola)  shall  be: 

1  HEGS-10  8000  pounds 

HEGS-20  25000  pounds. 

3.  The  modules  shall  be  designed  to  provide  stable  aerodynamic 
flight  characteristics  in  both  loaded  and  unloaded  modes. 

4.  The  HEGS-10  and  HEGS-20  shall  be  compatible  with  the  CH-47D 
helicopter  and  the  HEGS-10  with  the  BLACK  HAWK  using  slings 
with  sling  angles  not  more  than  30°  from  the  vertical. 

5.  The  modules  shall  be  designed  in  accordance  with  AR  70-47, 
Engineering  for  Transportability,  Appendix  D,  Criteria  for 
Air  Transport  and  Air  Drop. 

6.  Effective  lateral  interior  width  for  the  HEGS-10  and  HEGS-20 
shall  be  the  maximum  attainable,  consistent  with  design  and 
materials,  but  not  less  than  88  in.  between  corner  posts  at 
the  gondola  ends  and  not  less  than  89-1/2  in.  between  the 
center  posts  of  the  HEGS-20. 

7.  The  modules  shall  be  capable  of  being  rapidly  loaded  and 
unloaded  from  sides  and  ends,  either  manually  or  with  fork¬ 
lift  equipment.  End  and  side  diagonals,  and  end  and  center 
posts  shall  be  capable  of  rapid  connect  and  disconnect  to 
provide  accessibility  and  versatility. 
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8.  The  modules  shall  provide  integral  roll-on,  roll-off,  and 
drive- through  capability.  The  floor  shall  be  capable  of 
sustaining  loads  of  300  pounds  per  square  foot  to  accommo¬ 
date  vehicles  and  equipment. 

9.  Load  asymmetry  factor  shall  be  based  on  a  60/40  load  distri¬ 
bution:  longitudinal  and  lateral. 

10.  The  modules  shall  be  capable  of  reacting  impact  forces  asso¬ 
ciated  with  edge  or  corner  strikes  which  may  occur  due  to 
uneven  terrain  or  uneven  attitude  of  the  gondolas  during 
normal  helicopter  external  cargo  handling  operations. 

11.  The  modules  shall  be  capable  of  being  stacked  two-high  when 
loading  to  payload  capability  weight. 

12.  The  modules  shall  react  racking  loads  of  0.6  g  (lateral  and 
longitudinal ) . 

13.  The  HEGS-10  shall  be  capable  of  utilization  as  a  pallet 
(without  upper  structural  truss)  at  payload  weight  of 
8000  pounds. 

14.  The  HEGS  modules  shall  conform  with  dimensional  specifica¬ 
tions  for  10  ft  and  20  ft  long  containers  (Figure  2).  Top 
and  bottom  corner  fitting  openings  for  twist  lock  applica¬ 
tion  (top  and  bottom  planform)  shall  comply  with  dimensional 
specifications  (Figures  3  and  4);  however,  size  of  side  and 
end  openings  and  wall  thicknesses  may  be  varied. 

15.  To  achieve  commonality  of  components,  the  same  vertical 
corner  columns,  upper  and  lower  corner  fittings,  diagonal 
assemblies,  and  attaching  hardware  may  be  used  for  both 
HEGS-20  and  HEGS-10  modules. 

The  initial  design  task  performed  during  this  program  was  to  verify  the  tech¬ 
nical  data  pertaining  to  the  HEGS-10  and  HEGS-20  modules  developed  under  Con¬ 
tract  DAAK51 -78-C-0012  for  compliance  with  the  foregoing  design  criteria 
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l-ength  between  centers  of  apertures 
in  corner  fittings 

Width  between  centers  of  apertures 


NOTE:  Dimensions  S  and  P  are  reference  dimensions  only.  The  tolerances  to  be  applied  to  S  and  P 
are  governed  by  the  tolerances  shown  for  the  overall  length  (L)  and  overall  width  (W). 


Figure  3.  Top  fitting  (dimensions  in  inches). 


Figure  4.  Bottom  corner  fitting  (dimensions  in  inches) 


(see  Reference  2).  This  task  was  accomplished  by: 

1.  Establishing  NASTRAN  finite  element  models  for  the  HEGS-10 
and  HEGS-20  to  be  used  in  determing  the  loads/stresses  for 
the  critical  suspension  condition  (single-point  or  two-point 
suspension) . 

2.  Using  the  member  sizes  and  material  properties  presented  in 
Reference  2,  determining  the  loads/stresses  acting  on  the 
individual  structural  members  of  the  HEGS-10  and  HEGS-20 
modules  for  the  critical  suspension  condition  by  means  of  a 
finite  element  computer  program 

3.  Calculating  the  loads  and  reactions  acting  on  the  HEGS-10 
and  HEGS-20  module  members  for  the  longitudinal  and  lateral 
racking  condition,  as  well  as  for  the  two-high  stacking 
condition  by  using  force  equilibrium  methods. 

4.  Determining  the  maximum  loads/stresses  acting  on  the  members 
of  the  HEGS-10  and  HEGS-20  modules  for  the  above  conditions 
investigated. 

5.  Determining  the  adequacy  of  each  member  for  supporting  the 
loads  acting  on  it. 

Results  of  the  NASTRAN  performed  for  the  HEGS-10  and  HEGS-20  modules  were 
in  good  agreement  with  the  loads,  stresses,  and  margins  of  safety  pre¬ 
sented  in  Reference  2.  It  was  therefore  concluded  that  the  data  presented 
in  Reference  2  was  valid  and  consistent  with  the  requirements  of  this 
program. 

HEGS-20  MODULE 

The  basic  configuration  of  the  HEGS-20  module  is  shown  in  Figures  5  and  6. 
HEGS-20  Floor  Structure 

The  floor  structure  of  the  HEGS-20  module  is  essentially  the  same  as  des¬ 
cribed  in  Reference  2,  with  the  major  modifications  being  the  size  and 
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Figure  6.  Floor  assembly  -  HEGS-20. 


location  of  the  deck  perforations,  and  the  strengthening  of  the  HEGS-20 
edge  members.  The  pattern  for  the  2-1/4-inch-diameter  holes  in  the  deck 
plate  is  based  on  a  staggered  3-15/16-inch-square  grid  which  would  permit 
the  use  of  both  longitudinally  and  laterally  oriented  roller  systems  inter¬ 
changeable  on  the  HEGS-10  and  HEGS-20  modules.  The  edge  beams  are 
strengthened  to  increase  the  ability  of  the  floor  structure  to  support  the 
required  loading  while  resting  on  uneven  ground  with  the  side  diagonals 
and  the  center  columns  removed. 

The  torsionally  flexible  HEGS-20  floor  assembly  consists  of  the  following 
members  fabricated  from  5456  aluminum  alloy  plate  and  extrusions: 

1 .  Channel  end  beams 

2.  Modified  H-beam  edge  beams 

3.  T-shaped  stiffeners  and  cross  beams 

4.  Treadway  angles 

5.  Built-up  plate  center  beams 

6.  Center  column  and  diagonal  plate  support  structure 

7.  Perforated  deck  plate 

8.  Lower  corner  fitting  assemblies. 

The  floor  system  design  is  capable  of  resisting  large  overloads  by  struc¬ 
turally  efficient  membrane  action  of  the  perforated  deck  plate  wherein  the 
membrane  action  allows  the  loads  to  be  supported  primarily  by  axial  ten¬ 
sion  rather  than  bending. 

Fifty  standard  flush-mounted  tie-down  rings  are  systematically  located  on 
the  perforated  deck  plate  to  facilitate  cargo  restraint.  These  rings  are 
attached  to  the  undersurface  of  the  perforated  deck  plate  by  stainless 
steel  bl ind  rivets. 
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HEGS-20  Upper  Frame  Assembly  ( 

The  upper  frame  assembly  for  the  HEGS-20  module  consists  of  four  upper  cor¬ 
ner  fittings,  two  upper  frame  center  fittings,  and  5-inch  schedule  5 
6061-T6  aluminum  pipe  used  for  the  upper  ends,  center,  and  side  members. 

The  upper  center  fittings  provide  a  means  of  attaching  the  upper  diagonal 
fitting  assembly  or  the  upper  diagonal  cables,  the  side  diagonal  cable 
assembly,  the  upper  end  of  the  vertical  center  columns,  and  the  side  and 
center  sections  of  5-inch  schedule  5  pipe.  Tooling  fixtures  are  used  prior 
to  and  during  final  weld  to  insure  the  proper  location  of  the  upper  surface 
apertures  of  the  upper  corner  fittings.  Rub  strips  consisting  of 
2  x '2  x  3/16-inch  6061-T6  aluminum  angles  are  welded  to  the  end  and  side 
members  to  aid  in  the  positioning  of  the  container  lift  adapter  during 
hook-up  operations. 

Upper  Corner  Fitting 

Design  features  and  considerations  affecting  the  design  of  the  upper  corner 
fitting  assembly  consisting  of  the  basic  box  structure,  diagonal  clevises, 
vertical  column  lug,  and  upper  structure  welding  stubs  are: 


1.  The  basic  box  structure  is  fabricated  by  welding  sections 
of  5456- HI  1 6  aluminum  plate  together. 

2.  The  thickness  of  the  upper  plate  (1-1/8  inches)  and  the 
size  and  center  location  of  the  twist  lock  aperture  are  in 
accordance  with  the  requirements  of  this  program. 

3.  Lugs  used  for  attaching  the  vertical  corner  columns  and 
clevises  used  for  attaching  the  upper  end  and  side  diag¬ 
onals  are  machined  from  5456-H1 1 6  aluminum  plate  and  are 
then  welded  to  the  basic  box  structure. 

4.  The  upper  structure  is  attached  to  the  basic  box  struc¬ 
ture  by  welding  thick  wall  6061-T6  aluminum  pipe  stubs  to 
the  two  interior  sides  of  the  box  structure.  The  outer 


diameter  of  these  stubs  is  premachined  to  form  a  slip-fit 
with  the  inside  diameter  of  the  upper  structure  pipe. 

This  slip-fit  permits  the  centers  of  the  twist  lock  aper¬ 
tures  of  the  four  corner  fittings  to  be  closely  positioned 
during  the  final  welding  of  the  upper  structure  pipe  to 
the  pipe  stubs. 

5.  The  basic  box  structure,  vertical  column  lugs,  and  diag¬ 
onal  clevises  of  the  upper  corner  fitting  are  common  to 
both  the  HEGS-10  and  HEGS-20  modules.  The  weld  stubs  for 
the  upper  structure,  however,  are  smaller  in  diameter  for 
the  HEGS-10  module  to  reflect  the  lower  loads  acting  on 
the  HEGS-10  structure. 

6.  Holes  are  provided  on  the  two  exterior  sides  of  the  box 
structure  of  the  upper  corner  fitting  to  permit  the  use 

of  chain  lifting  slings.  The  locations  of  the  chain  holes 
were  selected  to  minimize  eccentricities  between  the 
applied  loads  and  their  reactions,  to  minimize  the  bending 
moments  applied  to  the  structure,  and  to  insure  that  the 
major  portions  of  the  lifting  loads  will  be  reacted 
directly  by  the  1-1/8-inch-thick  upper  plate  to  minimize 
wear  on  the  thinner  side  plates. 

7.  Monoball  bearings  are  installed  in  the  column  lugs  to  per¬ 
mit  rotation  at  the  end  of  the  columns  during  hard  landings 
and  thus  avoid  potential  damage. 

8.  The  feasibility  of  permanently  attaching  lifting  eyes  to 
the  upper  corner  fitting  as  a  substitute  for  the  chain 
holes  in  the  upper  corner  fitting  was  investigated.  Fac¬ 
tors  considered  in  this  study  were: 

a.  The  space  envelope  available  for  attaching  lifting 
eyes  without  interfering  with  the  operation  of  the 
container  lift  adapter. 
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b.  The  eccentricity  of  the  lifting  eye  to  the  gon¬ 
dola's  structure  and  the  resultant  increase  in 
the  twisting  and  bending  moments  that  would  be 
applied  to  the  upper  corner  fitting  and  the 
upper  structure. 

c.  The  alteration  to  the  upper  corner  fitting  to 
provide  a  mounting  surface  for  the  lifting  eye. 

d.  The  increase  in  size  and  weight  of  both  the 
upper  corner  fitting  and  upper  structure 
required  to  accommodate  the  increase  in  twisting 
and  bending  moments  due  to  the  eccentric  lifting 
eye. 

It  was  concluded  that  the  addition  of  lifting  eyes  to  the 
upper  corner  fittings  would  greatly  increase  the  size, 
weight,  and  complexity  of  the  upper  corner  fitting  and 
the  upper  structure  of  both  the  HEGS-10  and  HEGS-20 
modules.  The  preferred  design  shown  herein  allows  the 
bottom  edge  of  the  1-1/8-inch-thick  plate  to  sustain  the 
potential  wear  of  the  lifting  chain  without  reducing  the 
structural  or  functional  capacity  of  the  upper  corner 
fitting. 


Lower  Corner  Fitting  (HEGS-10  and  HEGS-20) 


Design  features  and  considerations  affecting  the  design  of  the  lower  corner 
fitting  assembly  consisting  of  the  basic  box  structure  and  vertical  column 
lug  are: 


1.  The  box  structure  and  the  vertical  column  lug  weldment 
are  fabricated  from  5456- HI T 6  aluminum  plate. 

2.  The  thickness  of  the  lower  plate  (1-1/8  inches)  and  the 
size  and  center  location  of  the  twist  lock  aperture  are 
in  accordance  with  Figures  2  and  3. 
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3.  Slots  are  provided  to  accommodate  the  T-bar  fitting  of  the 
end  and  side  diagonals. 

4.  The  end  beam,  edge  beam  and  deck  plate  of  the  floor  struc¬ 
ture  are  welded  to  the  lower  corner  fitting. 

>  5.  Holes  are  provided  through  the  exterior  sides  of  the  lower 

corner  fitting  for  debris  clean-out  and,  in  the  case  of 
the  HEGS-10  floor  when  used  as  a  pallet,  for  attaching 
chain  lifting  slings.  The  location  of  these  holes  was 
chosen  to  minimize  eccentricities  between  the  applied 
loads  and  their  reactions  and  to  insure  that  the  chain 
lifting  sling  will  bear  on  the  thick  upper  plate  of  the 
fitting  instead  of  on  the  thinner  sidewalls. 

6.  Monoball  bearings  are  installed  in  the  column  lugs  to 
permit  rotation  at  the  ends  of  the  columns  during  hard 
landings  and  thus  avoid  potential  damage. 

7.  A  gusset  welded  to  the  upper  surface  of  the  corner  fit¬ 
ting  and  the  vertical  column  lugs  is  used  to  protect  the 
lug  from  damage  during  loading  and  unloading  operations. 

Corner  Vertical  Column  (HEGS-10  and  HEGS-2Q) 

The  corner  vertical  column  shown  on  Figure  6  consists  of  thin-wall  6061-T6 
aluminum  tube  to  which  6061-T6  aluminum  clevis-type  fittings  are  welded  at 
each  end.  The  configuration  shown  meets  the  following  conditions  and  cri¬ 
teria: 

1.  The  3-3/4-inch-diameter  tube,  and  its  location,  is  compat¬ 
ible  with  the  96-inch  maximum  gondola  width  and  the  mini¬ 
mum  88-inch  clear-di stance-between-corner  column  require¬ 
ments. 

2.  The  cross-sectional  dimensions,  3-3/4  inch  O.D.,  .125  inch 
wall  thickness,  and  the  physical  properties  of  the  6061-T6 
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aluminum  alloy  are  compatible  with  the  applied  loads  and 
impact  considerations. 

3.  The  column  assembly  is  readily  repairable  by  welding. 

4.  The  physical  size  of  the  clevis  end  fittings  is  propor¬ 
tioned  to  sustain  the  rough  handling  associated  with  the 
Army  environment. 

5.  The  length  of  the  corner  column  and  the  dimensions  of  the 
upper  and  lower  corner  fittings  are  compatible  with  the 
8-foot,  6.5  +  .75-inch  overall  height  requirement. 

6.  The  columns  are  attached  to  the  upper  and  lower  corner 
fitting  lugs  by  means  of  pins,  which  is  compatible  with 
the  desire  for  rapid  assembly  or  disassembly,  high 
strength,  low  weight,  and  low  cost.  The  only  tool 
required  for  assembly  or  disassembly  is  a  pair  of  pliers. 

Center  Vertical  Column  Assembly 

The  center  vertical  column  assembly  of  the  HEGS-20  module  (Figure  6)  con¬ 
sists  of  a  3.75-inch-diameter  x  . 125-inch-thick  wall  6061-T6  aluminum  tube 
to  which  a  square-ended  6061 -T6  aluminum  fitting  is  welded  to  the  lower 
end  and  a  17-4  PH  stainless  steel  screw  jack  having  a  round  end  is  riveted 
to  the  upper  end.  The  center  vertical  column  design  is  compatible  with 
the  following  conditions  and  criteria: 

1.  The  center  column  and  its  installation  of  HEGS-20  module 
is  compatible  with  the  minimum  89-1/2-inch  clear-distance- 
between-center-columns  requirement  at  its  lower  end  to 
permit  the  loading  of  463L  pallets. 

2.  The  upper  screw  jack  fitting  is  constructed  of  corrosion 
resistant  stainless  steel  to  insure  its  proper  operation 
when  subjected  to  the  Army's  hostile  environment. 
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3.  A  permanently  installed  handle  is  provided  for  rotating 
the  upper  portion  of  the  screw  jack  during  assembly  and 
disassembly  operations. 

4.  The  upper  end  of  the  screw  jack  is  machined  round  to  per¬ 
mit  rotation  of  the  jack  while  it  is  engaged  in  the  round 
hole  provided  in  the  upper  structure. 

5.  The  lower  end  fitting  of  the  center  column  is  machined  as 
a  square  to  prevent  the  rotation  of  the  column  while  the 
screw  jack  is  being  operated  and  while  the  column  is 
engaged  with  the  square  hole  provided  in  the  floor  struc¬ 
ture. 

6.  The  center  column  is  designed  to  withstand  compression 
loads  that  are  primarily  associated  with  the  racking  con¬ 
dition.  Any  tendency  for  the  upper  structure  to  lift  off 
the  center  column  will  be  resisted  by  tension  in  the  side 
diagonals  attached  to  the  upper  structure  near  the  upper 
end  of  the  center  column. 

Side  and  End  Diagonal  Fittings  and  Diagonal  Cable  -  HEGS-10  and  HEGS-20 

The  side  and  end  diagonals  to  be  used  on  both  the  HEGS-10  and  HEGS-20 
modules  consist  of  Kevlar  cable  assemblies  attached  to  adjustable  stain¬ 
less  steel  end  fitting  assemblies.  The  upper  ends  of  the  cables  are 
attached  semipermanently  to  the  clevises  of  the  upper  corner  fittings  and, 
in  the  case  of  the  side  diagonals  for  the  HEGS-20  module,  also  to  clevises 
mounted  near  the  center  of  the  upper  structure.  Conventional  pins  are  used 
to  effect  this  attachment.  The  lower  ends  of  the  cable  assembly  are  also 
pinned  to  the  diagonal  fitting  assembly  consisting  of  a  threaded  clevis,  a 
turnbuckle  barrel,  and  a  threaded  T-bar  end  fitting.  The  T-bar  end  fittings 
are  inserted  into  the  slots  provided  in  the  lower  corner  fittings  and,  in 
the  case  of  the  side  diagonals  for  the  HEGS-20,  into  slots  provided  in  the 
floor  structure  at  the  center  beam.  Once  the  T-bar  fittings  are  inserted 
into  the  slots,  they  are  twisted  90  degrees  to  effect  the  lower  end 


connection.  The  turnbuckle  is  then  rotated  to  obtain  the  desired  tension 
in  the  diagonal  assembly.  Thus,  assembly  and  disassembly  can  be  rapidly 
and  easily  accomplished. 

Kevlar  cable  assemblies  were  chosen  because  of  their  high  strength-to- 
weight  ratio  and  their  flexibility.  The  same  diameter  Kevlar  cables  are 
used  for  both  side  and  end  diagonals  for  the  HEGS-10  and  HEGS-20  modules. 

Handles  semipermanently  attached  to  the  turnbuckle  barrel  and  clevis  are 
provided  for  applying  torque  to  the  turnbuckle  barrel  for  tensioning  the 
diagonal  assembly  and  to  prevent  twisting  of  the  Kevlar  cable  during  this 
operation. 

The  clevis,  turnbuckle  barrel,  and  T-bar  fitting  of  the  diagonal  fitting 
assembly  are  machined  from  17-4  PH  stainless  steel  and  heat-treated  to 
Condition  1025  to  insure  their  trouble-free  operation  in  the  Army's  envi¬ 
ronment. 

During  unloading  operations,  with  the  floor  of  either  the  HEGS-10  or  HEGS-20 
module  resting  on  uneven  ground,  some  of  the  diagonals  may  be  loaded  well 
above  their  preload  value  due  to  floor  racking.  The  diagonal  assemblies 
will  not  store  very  much  energy  when  subjected  to  normal  loads  due  to  the 
high  stiffness  of  the  Kevlar  cables  and  the  17-4  PH  stainless  steel  end 
fittings.  In  extreme  cases,  however,  there  may  be  sufficient  energy  stored 
in  the  floor  or  superstructure  to  cause  the  diagonal  assembly  to  whip  if 
suddenly  released.  A  rivet  is  installed  near  the  threaded  ends  of  the 
T-bar  and  clevis  fittings  after  assembly  with  the  turnbuckle  barrel  as  a 
safety  precaution  to  prevent  them  from  becoming  accidentally  disengaged 
during  removal  operations. 

Upper  Diagonal  Fitting  Assembly  and  Upper  Diagonal  Cable  -  HEGS-1 0/HEGS-20 

The  upper  diagonal  assembly  consists  of  the  upper  diagonal  fitting  assem¬ 
bly  and  the  upper  diagonal  cable.  During  normal  operations,  the  upper 


diagonal  assemblies  will  be  lightly  loaded  and  will  only  come  into  play 
when  the  rigid  upper  frame  distorts  under  severe  racking  loads.  The  upper 
fitting  assembly  consists  of  a  threaded  rod  end  fitting  for  attachment  to 
the  upper  corner  clevis,  a  turnbuckle  barrel,  and  a  threaded  clevis  for 
attaching  the  upper  cable  assembly.  Check  nuts  are  used  to  prevent  the 
loss  of  preload  due  to  turnbuckle  barrel  rotation  during  operation. 

The  20,000-pound-capacity  diagonal  cable  assembly  is  fabricated  from 
Kevlar  and  the  end  grommets  are  6061-T6  aluminum  alloy.  One  end  of  the 
cable  is  attached  to  the  clevis  end  of  the  diagonal  fitting  assembly  and 
the  other  end  is  attached  to  the  upper  corner  fitting  clevis.  Flanged  5/8- 
inch-diameter  steel  pins  are  used  for  attaching  the  upper  diagonal  fitting 
assembly  and  the  upper  cable  assembly  to  each  other  and  to  upper  structure 
clevises. 

Step  Assemblies  -  HEGS-10  and  HEGS-20 

Steps  attached  to  the  two  corner  columns  on  one  side  of  the  HEGS-10  module 
and  to  two  corner  columns  and  a  center  column  on  one  side  of  the  HEGS-20 
module  are  provided  to  aid  personnel  in  attaching  lifting  slings  to  a  heli¬ 
copter's  cargo  hooks.  These  steps  are  capable  of  being  indexed  every  30 
degrees  around  the  360-degree  azimuth  and  may  be  lifted  vertically  for 
stowage  against  the  upper  structure. 

The  steps  consist  of  a  weldment  of  a  3-  x  1.5-inch  6061-T6  aluminum  tread, 
a  1-1/2-inch-diameter  x  .058-inch-thick  6061-T6  aluminum  tube  diagonal 
strut,  and  a  section  of  4-inch  schedule  80  6061-T6  aluminum  pipe  vertical 
sleeve  that  slides  over  the  corner  and/or  center  columns.  The  lower  por¬ 
tion  of  the  vertical  sleeve  has  lugs  spaced  every  30  degrees  in  azimuth 
for  locking  it  to  the  support  segments  that  are  riveted  to  the  columns. 

The  location  and  dimensions  of  the  support  segments  are  such  that  the  inner 
and  outer  dimensional  envelopes  are  not  exceeded. 


HEGS-10  MODULE 


Much  of  the  foregoing  design  description  for  the  HEGS-20  is  also  applicable 
to  the  HEGS-10  module  due  to  the  duplicity  of  many  of  the  components  making 
up  the  assemblies  for  each  module.  Components  such  as  the  upper  and  lower 
corner  fittings,  corner  columns,  side  and  end  diagonal  fittings  and  cables, 
as  well  as  the  upper  diagonal  fittings  and  cables,  are  common  to  both  the 
HEGS-10  and  HEGS-20  modules.  Figures  7  and  8  present  the  basic  components 
for  the  HEGS-10  module.  The  HEGS-10  components  not  previously  discussed 
are  described  in  the  following  paragraphs. 

HEGS-10  Floor  Assembly 

l 

The  details  of  the  HEGS-10  floor  structure  are  similar  to  those  previously 
described  for  the  HEGS-20  floor  assembly;  major  differences  are  the  size 
of  the  edge  members  and  the  elimination  of  the  heavy  buildup  center  beam. 

The  edge  beams  used  for  both  the  HEGS-10  and  HEGS-20  modules  are  fabricated 
from  5456-Hill  aluminum  5  x  5  x  .313  inch  H-beams.  In  the  case  of  the 
HEGS-10  module,  the  two  exterior  flanges  of  the  H-beam  are  completely 
removed  to  form  a  modified  channel  section,  whereas  in  the  more  highly 
loaded  HEGS-20  module,  only  the  upper  external  flange  is  completely  removed. 
Due  to  the  smaller  length  of  the  HEGS-10  floor  structure  (10  feet  as 
opposed  to  20  feet),  no  intermediate  reaction  point  is  required  to  support 
the  floor,  thus  permitting  the  elimination  of  the  center  beam  as  used  for 
the  HEGS-20  floor  structure.  The  main  structural  members  making  up  the 
HEGS-10  floor  assembly  are: 

1.  Channel  end  beams  fabricated  from  5456- Hill  aluminum 
5  x  5  x  .313  inch  H-beams 

2.  Channel  edge  beams  fabricated  from  5456- HI  1 1  aluminum 
5  x  5  x  .313  inch  H-beams 

3.  Longitudinal  stiffeners  and  traverse  center  beams  fabricated 
from  5456- HI  1 1  aluminum  S5  x  2.5T  tee  extrusions 
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Figure  7.  Superstructure  -  HEGS-1 0. 


Figure  8.  Floor  Assembly  -  HEGS-1 0. 
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4.  Treadway  stiffeners  made  from  5456- HI  1 1  aluminum 
3  x  2  x  3/16  inch  angles 

5.  Perforated  deck  plate  made  from  3/16-inch-thick  5456-H321 
aluminum  plate 

6.  Lower  corner  fitting  assemblies. 

Twenty-five  flush  mounted  tie-down  rings  are  riveted  to  the  underside  of 
the  perforated  deck  plate  for  cargo  restraint. 

HEGS-10  Upper  Frame  Assembly 

The  upper  frame  assembly  consists  of  four  upper  corner  fittings  connected 
by  4-1/2-inch-diameter  x  .049-inch-thick  6061-T6  aluminum  tubing.  Aper¬ 
tures  in  the  upper  surface  of  the  upper  corner  fittings  are  located  by 
suitable  tooling  prior  to/and  during  final  welding  of  the  4-1/2-inch-diam¬ 
eter  tubing  to  the  4-inch  schedule  40  pipe  stubs  of  the  upper  corner 
fittings  to  insure  their  proper  positioning. 

Estimated  Weight  Summary 


ITEM  HEGS-10  HEGS-20 


Top  Frame 

89.5 

Lbs. 

230.0  Lbs 

Vertical  Tubes 

58.4 

99.3 

Diagonals 

35.2 

59.4 

Diagonal  Hardware 

55.7 

86.7 

Floor 

456.5 

954.9 

Miscellaneous  Hardware 

16.7 

28.9 

TOTAL 

712.0 

Lbs. 

1459.2  Lbs 
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FABRICATION  AND  ASSEMBLY  OF  THE  HEGS-20  MODULE 


FABRICATION 


Figures  9  and  10  show  the  assembled  HEGS-20  module.  Standard  manufac¬ 
turing  processes  and  techniques  such  as  machining,  welding,  and  riveting 
were  used  to  fabricate  the  floor  assembly,  upper  structure,  corner  and  cen¬ 
ter  column  assemblies,  and  diagonal  end  fittings.  The  diagonal  cables, 
made  from  Kevlar,  were  certified  as  to  strength  and  commercial  quality 
welding  techniques  were  used  for  all  weldments. 

A  special  tooling  fixture  was  used  to  locate  the  centers  of  twist  lock 
apertures  in  the  lower  corner  fitting  of  the  floor  assembly  and  in  the 
upper  corner  fittings  of  the  upper  structure.  These  aperture  locations 
must  be  controlled  to  insure  compatibility  with  automated  lifting  devices 
and  with  ground  handling  equipment.  As  the  locations  of  the  upper  aper¬ 
tures  are  identical  to  the  location  of  the  lower  apertures,  the  same  tool 
was  used  to  fabricate  the  floor  assembly  and  the  upper  structure. 

Some  difficulties  were  experienced  in  controlling  distortions  caused  by 
weld  shrinkage  during  the  fabrication  of  the  first  HEGS-20  floor  assembly. 
These  distortions  were  primarily  encountered  while  welding  the  perforated 
deck  plate  to  the  floor  grid  members.  Tack  welds,  used  to  temporarily 
position  the  deck  plates,  restricted  the  thermal  growth  and  contraction  of 
these  plates  when  the  plate-to-floor  grid  welds  were  being  made.  This 
resulted  in  the  deck  plates  deforming  out-of-plane  between  the  floor  grid 
members,  particularly  at  each  end  of  the  floor  structure. 

Deck  plate  deformations  were  reduced  by  adding  intercostal s  between  the 
floor  grid  members  at  locations  of  maximum  plate  deformation,  pulling  the 
plate  down  to  the  desired  vertical  position,  and  welding  the  plate  to  the 
intercostals.  Experience  gained  during  the  fabrication  of  floor  assembly 
was  utilized  to  revise  the  welding  procedures  and  sequences  for  use  during 
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Figure  9.  HEGS-20  module  assembly 


the  fabrication  of  the  second  floor  assembly.  Consequently,  the  fabrica¬ 
tion  of  the  second  floor  assembly  proceeded  without  encountering  the  deck 
plate  deformation  difficulties. 


ASSEMBLY 

The  HEGS-20  module  is  assembled  in  the  following  manner: 

1.  Corner  columns  are  first  pinned  to  the  lugs  of  the  lower 
corner  fittings  of  the  floor  assembly  as  shown  in  Figure  11 
A  washer  and  cotter  pin  are  used  to  retain  each  of  the 
attachment  pins. 

2.  Steps  shown  in  Figure  12  are  installed  on  two  corner 
columns  located  on  one  side  of  the  module  by  slipping 
them  over  the  upper  free  end  of  the  columns. 

3.  The  upper  diagonal  assemblies  are  installed  in  the  upper 
structure  by  means  of  attachment  pins,  washers,  and 
cotter  pins.  The  upper  diagonal  assemblies  are  tightened 
by  rotating  the  turnbuckle  using  two  suitable  wrenches-- 
one  to  rotate  the  turnbuckle  and  the  other  to  prevent 
windup  of  the  Kevlar  cable.  Locknuts  are  then  tightened 
against  both  ends  of  the  turnbuckle  to  prevent  loosening 
of  the  diagonal  assembly  during  operation. 

4.  The  upper  structure  is  lifted  into  position  by  means  of  a 
hoist,  forklift,  or  crane.  Attachment  pins  are  used  to 
connect  the  lugs  of  the  upper  corner  fittings  to  the  upper 
clevises  of  the  corner  columns.  Washers  and  cotter  pins 
are  used  to  retain  the  attachment  pins. 

i>.  Side  and  end  diagonal  assemblies  are  attached  to  the  upper 
structure  clevis  mounted  on  the  upper  corner  fittings  by 
means  of  pins,  washers,  and  cotter  pins.  Figure  13  shows 
the  HEGS-20  module  after  the  upper  structure  has  been 
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1 


Figure  11.  Corner  coin: 


m 


attached  to  the  upper  ends  of  the  four  corner  columns  and 
after  the  side  and  end  diagonal  assemblies  have  been 
attached  to  the  upper  structure. 

6.  Center  columns  are  installed  by  inserting  the  lower  square 
end  fitting  of  the  center  column  into  the  square  hole  of 
the  center  column  diagonal  support  structure  located  on 
the  sides  of  the  floor  assembly.  The  round  stub  portion 
of  the  upper  end  of  the  center  column's  jack  screw  is 
aligned  with  the  round  hole  provided  in  the  lower  center 
surface  of  the  upper  structure.  The  jack  screw  is  rotated 
until  the  round  stub  is  fully  inserted  into  the  upper 
structure  with  the  horizontal  axes  of  the  floor  assembly 
and  the  upper  structure  being  approximately  parallel. 

In  the  interest  of  consistency,  the  center  column  having 
the  step  attached  to  it  should  be  installed  on  the  same 
side  of  the  module  as  the  corner  column  steps. 

7.  The  T-bar  ends  of  the  side  and  end  diagonals  are  inserted 
in  the  slots  provided  in  the  lower  corner  fittings  and  in 
the  center  column,  diagonal  support  structure  located  on 
each  side  of  the  floor  structure  as  shown  in  Figures  14 
and  15.  Once  inserted,  the  T-bar  fittings  are  rotated 

90  degrees  and  the  diagonal  fittings  are  tightened  by 
rotating  the  turnbuckles. 

8.  When  properly  rigged,  the  side  and  end  diagonals  should 
be  tight  and  the  difference  in  length  between  any  set  of 
diagonals  should  be  1/2  inch  or  less. 
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inure  15.  HEGS-20  lower  cento 


CONCLUSIONS 


1.  The  objectives  of  this  program,  i.e.,  to  design  concept  verification 
hardware  for  the  HEGS-10  and  HEGS-20  modules  and  to  fabricate  and 
test  critical  elements/components  and  full-scale  HEGS-20  gondola 
assemblies,  have  been  successfully  accomplished. 

2.  The  following  HEGS-20  module  characteristics  were  demonstrated  during 
the  design,  fabrication,  and  testing  phases  of  this  program: 

a.  High  structural  efficiency  of  approximately  40  to  1 
through  the  use  of  new  structural  concepts  and  materials. 

b.  High  impact  resistance  potential  through  the  use  of  flex¬ 
ible  structural  elements/components. 

c.  Ready  producibility  by  standard  commercial  machining  and 
welding  procedures. 

d.  Easy  repairability  by  commercial  welding  standards  and 
techniques  without  the  requirement  for  post  heat  treatment. 

e.  Easy  maintenance  due  to  the  high  corrosion  resistance  of 
5456  and  6061  aluminum  alloys  used  in  the  fabrication. 

f.  Functional/structural  capabilities  not  impaired  by  the 
occurrence  of  small  amounts  of  plastic  deformations. 

g.  Rapid  load-unload  capabilities  through  the  use  of  adjust¬ 
able  T-bar  diagonal  end  fittings,  flexible  high-strength 
Kevlar  diagonal  cables,  and  easily  installed/removed  cen¬ 
ter  jack-post  columns. 

h.  Versatile  cargo  tie-down  capability  through  the  use  of  50 
flush-mounted  tie-down  rings  systematical ly  located. 

i.  Compatibility  with  automated  lifting  devices  and  ground 
transport  equipment  through  design  features  and  dimen¬ 
sional  control. 
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j.  Suitability  for  loading/unloading  operations  on  uneven 
terrain  due  to  flexible  floor  structure. 

k.  Low  weight  potential  through  close  attention  to  fabri¬ 
cation  procedure  and  sequences  in  welding. 
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RECOMMENDATIONS 


It  is  recommended  that  the  development  of  the  low-cost,  lightweight  family 
of  gondola  modules  be  continued  as  follows: 

1.  Complete  the  fabrication  and  testing  of  the  two  HEGS-10 
modules  originally  included  in  this  program  and  for  which 
material  is  available. 

2.  Evaluate  the  HEGS-10  modules  in  the  field. 

3.  Determine  desired  changes  and  improvements  to  both  the 
HEGS-10  and  HEGS-20  modules. 

4.  Optimize  the  design  of  the  HEGS-10  and  HEGS-20  modules. 

5.  Fabricate  several  HEGS-10  and  HEGS-20  modules  for  user 
evaluation. 

6.  Incorporate  final  changes  and  procure  both  HEGS-10  and 
HEGS-20  modules  in  production  quantities. 
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APPENDIX  A 

STRESS  REPORT,  HEGS-20  MODULE 


1.0  SUMMARY 

The  results  of  the  structural  analyses  of  the  HEGS-20  module  are  summar¬ 
ized  in  Table  A-l.  The  critical  areas,  type  of  critical  stress,  and  the 
minimum  margins  of  safety  for  each  component  or  member  are  shown.  The 
margin  of  safety  is  defined  as: 

m  s  =  A1 Iowa bl e  Stress  or  Load  _  , 

Actual  Stress  or  Load 

2.0' INTRODUCTION 

The  loads  and  stresses  acting  on  the  individual  members  of  the  HEGS-20 
module  were  determined  by  the  use  of  the  NASTRAN  computer  program  developed 
for  solving  statically  indeterminate  structural  problems,  and  by  the  use  of 
conventional  idealizations  for  solving  statically  determinate  structural 
probl ems. 

The  NASTRAN  computer  program  was  used  to  analyze  the  complete  module  struc¬ 
ture  for  the  critical  single-point  suspension  condition.  Loads,  stresses, 
margins  of  safety,  and  structural  deformations  were  obtained  as  output 
from  this  program. 

Loads  and  forces  acting  on  the  affected  module  members  during  the  racking 
and  stacking  conditions  are  statically  determinate;  therefore,  conventional 
stress  analysis  procedures  were  used  to  determine  the  applicable  critical 
stresses  and  margins  of  safety  for  these  conditions. 

3.0  CONFIGURATION 

Figures  5  and  6  in  the  main  body  of  this  report  present  the  basic  struc¬ 
tures  of  the  HEGS-20. 
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TABLE  A-l .  MINIMUM  MARGINS  OF  SAFETY 
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Upper  Diagonal  Attach  Lugs  KG34-007  -33  Clevis  Holes  Yield  Shear 

Side/End  Diagonal  Attach  Lug  KG34-007  -23,  -31  Clevis  Holes  Yield  Shear 

Upper  Diagonal  Attach  Pins  KG34-P0?  Pin  Shank  Uli  Shear 

Side/End  Diagonal  Attach  Pins  KG34-00?  Pin  Shank  Ult.  Shear 


4 . 0  SECTION  PROPERTIES 

4 . 1  Edge  Beams  -  (Make  From  5x5  x  .313  5456-H111  Aluminum 

4.1.1  Edge  Beam  at  Juncture  with  Lower  Corner  Fittings. 


A  =  3.687  in. 

I  =  15.585  in. 

J  =  .129  in.4 
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4.1.2  Edge  Beam  at  Juncture  with  Center  Section. 
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A  =  5 . 484  in.' 

I  =  24.986  in.' 

J  =  .440  in.4 
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4.1.3  Edge  Beam  For  Tapered  Section. 


A  =  4.614 
I  =  20.567 


J  =  .270  in. 
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4 . 2  End  Beams  (Make  From  5  x  5  x  .313  5456-HVP  Aluminum  H-Beam) 


A  =  4.412  ’n.2 
Ix  =  20.451  in.4 

J  =  .327  in.4 
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4 . 3  Longitudinal  Stringers  (Make  From  SNAME  S5  x  2.5T  5456-Hill 
Aluminum  Tee) 


A  =  2.904  in.2 
I  =  13.331  in.4 

J  =  .045  in.4 
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4 . 4  Intermediate  Transverse  Beams  (Make  From  SNAME  S5  x  2 . 5T  54 56 - H 1 1 1 
AJumi num  Tee) 


A  =  2.717  in.2 
Ix  =  12.563  in.4 

J  =  .042  in.4 
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4.5  Center  Beam  (Make  From  3/16-  and  1/2-inch-thick  5456 -H3 2]  Aluminum 
Plate) 


A  =  9.680  in.2 
Ix  =  61.742  in.4 

J  «  .525  in.4 
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4-6  Treadway  Angles  (Make  From  3  x  2  x  3/16  5456- HI  11  Aluminum  Angle) 


A  =  1.219  in.2 
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4.7  Channel  for  Step  Beams  (Make  From  3x2  6061-T6  Aluminum  Channel) 


A  =  1.358  in.2 
W  =  1.135  lb/ft. 
I  =  1.41  in.4 
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5.0  MATERIAL  PROPERTIES 


This  section  lists  the  material  properties  used  in  the  structural  analys 
5.1  6061 -T6  Aluminum  Alloy  (Reference  3) 


TUBING  AND  PLATE  FORGINGS 


Ftu 

(ksi) 

BASIC 

42 

AS  WELDED 

24 

BASIC 

38 

AS  WELDED 

24 

Fcu 

(ksi ) 

42 

24 

38 

24 

Fty 

(ksi ) 

35 

20 

35 

20 

F 

cy 

(ksi ) 

35 

20 

36 

20 

F 

su 

(ksi ) 

27 

15 

25 

15 

F 

sy 

bru 

(ksi ) 

20 

12 

20 

12 

(ksi ) 

88 

50 

61  -  76 

50 

Fbry 

(ksi ) 

56 

30 

54  -  61 

30 

E 

(ksi ) 

10100 

10100 

9900 

10100 

5456. 

Ftu 

Aluminum  Alloy  (Reference  3) 

Hill  EXTRUSIONS 

BASIC  AS  WELDED 

(ksi)  42  41 

43_2_1_ 

BASIC 

46 

PLATE 

AS  WELDED 

42 

Fcu 

(ksi ) 

42 

41 

46 

42 

Fty 

(ksi ) 

26 

24 

33 

26 

F 

(ksi ) 

22 

22 

27 

24 

cy 

F 

su 

(ksi ) 

25 

24 

27 

25 

F 

sy 

(ksi ) 

15 

14 

19 

15 

Fbru 

(ksi ) 

82 

82 

87 

84 

Fbry 

(ksi ) 

44 

38 

56 

38 

E 

(ksi ) 

10400 

10400 

10400 

10400 

3. 


SECTION  1  SPECIFICATIONS  FOR  ALUMINUM  STRUCTURES,  The  Aluminum 
Association,  In.,  750  Third  Avenue,  New  York,  New  York. 


5.3  17-4PH  Condition  H 1 026  Stainless  Steel  (Reference  4) 


Ftu 

(ksi ) 

155 

Fty 

(ksi ) 

145 

Fsu 

(ksi ) 

90 

E 

(ksi ) 

28500 

5 . 4  Kevlar  Diagonal  Cables 


5.4.1  Side/End  Diagonal  Cables. 


58,000-POUND 

BREAK  STRENGTH 

GROMMETS 

Load,  Lbs 

Rated  Break 
Strength 

Stretch 

5,800 

10°', 

0.48% 

11,600 

20" 

0.79% 

17,400 

30? 

1.06% 

23,200 

m 

1 . 28% 

29,000 

507 

1.51% 

Diagonal  Cables. 

20,000-P0UND 

BREAK  STRENGTH 

GROMMETS 

Load,  Lbs 

Rated  Break 
Strength 

Stretch 

2,000 

10 

0.45%. 

4,000 

207' 

0.74% 

6,000 

30.1 

0.96"' 

8,000 

40% 

1.22% 

10,000 

50% 

1  .50% 

4. 


Military  Standardization  Handbook,  METALLIC  MATERIALS  AND  ELEMENTS 
FOR  AEROSPACE  VEHICLE  STRUCTURES,  MIL-HDBK-5B ,  U.  S.  Government 
Printing  Office,  Washington,  D.  C. ,  1  September  1971. 


6.0  STRUCTURAL  DESIGN  CRITERIA 

The  pertinent  structural  design  criteria  applicable  to  the  HEGS-20  are  as 
follows: 

1.  Design  gross  weight  of  the  loaded  module  shall  be  25,000 
pounds  (lg  load). 

2.  The  design  limit  load  factor  is  2.3g. 

3.  The  design  ultimate  load  is  1.5  times  limit  load. 

4.  The  HEGS-20  shall  be  compatible  with  the  CH-47D  helicopter 
using  either  the  single-point  sling  attach  system  or  the 

‘  two-point  sling  attach  system.  The  distance  between  the 
two-point  attach  system  of  the  CH-47D  is  13  feet.  The 
sling  angle  shall  not  be  more  than  30  degrees  from  the 
vertical . 

5.  The  floor  shall  be  capable  of  sustaining  loads  of  300  psf 
(lg  loading),  690  psf  (design  limit  load),  and  1035  psf 
(design  ultimate  load). 

6.  The  distribution  of  the  floor  loading  shall  be  60/40  dis¬ 
tributed  longitudinally  and  laterally. 

7.  The  HEGS-20  module  shall  be  capable  of  being  stacked  two- 
high  when  loaded  to  the  design  gross  weight  (lg  load). 

8.  The  HEGS-20  module  shall  react  lateral  and  longitudinal 
racking  loads  of  0.6g. 

9.  The  vertical  center  of  gravity  can  vary  from  12  inches  to 
24  inches  above  the  surface  of  the  floor. 

Figures  A-l,  A-2,  and  A-3  show  the  loads  acting  for  the  critical  single¬ 
point  suspension  condition,  the  racking  condition,  and  the  stacking  condi¬ 
tion,  respectively. 
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Figure  A-l .  HEGS-20  single-point  suspension  condition. 


•  6g 


(a)  Longitudinal  racking. 


(b)  Lateral  racking. 


Figure  A-2.  HEGS-20  racking  condition. 
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7.0  LOADS  AND  STRESS  ANALYSIS 

The  NASTRAN  computer  program  was  used  to  establish  the  limit  loads,  limit 
stresses,  and  margins  of  safety  for  the  individual  members  of  the  HEGS-20 
module  when  subjected  to  the  loadings  associated  with  the  critical  single¬ 
point  suspension  condition.  Loads  and  stresses  which  develop  during  the 
racking  and  stacking  conditions  act  primarily  on  the  superstructure  and 
are  statically  determinate,  permitting  the  use  of  conventional  analytical 
procedures.  Thus,  the  structural  analysis  of  the  HEGS-20  module  is 
divided  into  two  segments: 

1.  The  NASTRAN  of  the  complete  HEGS-20  module  structure  for 
the  single-point  suspension  condition 

2.  The  analysis  of  the  superstructure  for  the  single-point 
suspension,  racking,  and  stacking  conditions. 

Superstructure  loads  and  stresses  obtained  from  the  NASTRAN  for  the  single¬ 
point  suspension  condition  are  also  checked  for  buckling  in  the  second 
section  of  these  analyses. 

7. 1  NASTRAN  for  the  Single-Point  Suspension  Condition 

7.1.1  NASTRAN  Model .  Figures  A-4,  A-5,  and  A-6  present  the  NASTRAN  model 
for  the  superstructure,  floor  grid  system,  and  the  fictitious  thin  sheet 
membrane  floor  elements  used  for  analyzing  the  HEGS-20  module  for  the 
single-point  suspension  condition.  Nodes,  elements,  and  coordinates  are 
defined  in  these  figures.  Cross  sections  and  section  properties  for  each 
member  are  defined  in  Section  4.0.  Material  properties  are  presented  in 
Section  5.0.  The  allowable  stresses  used  in  the  NASTRAN  are  based  on  the 
more  critical  allowable  stresses,  yield  or  ultimate,  of  the  particular 
material  being  investigated. 
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FlooC 


Figure  A-6.  NASTRAN  model  for  floor  membrane  elements. 


.c . 


The  loading  applied  to  the  floor  of  the  HEGS-20  module  for  the  single-point 
suspension  condition  is  shown  in  Figure  A-7.  This  loading  represents  the 
design  gross  weight  of  25,000  pounds  multiplied  by  the  2.3g  design  limit 
load  factor  divided  by  the  area  required  to  apply  a  design  limit  pressure 
load  of  300  psi  times  2.3,  or  690  psf,  to  the  floor.  The  resulting  foot¬ 
print  is  located  on  the  module  floor  in  accordance  with  the  60/40  longi¬ 
tudinal  and  lateral  center  of  gravity  requirement  as  shown  in  Figure  A-7. 
The  690  psf  design  limit  floor  loading  is  broken  down  into  concentrated 
loads  acting  at  the  applicable  node  points  for  input  to  the  NASTRAN  pro¬ 
gram. 

7.1.2  NASTRAN  Results.  The  results  of  the  NASTRAN  for  the  single-point 
suspehsion  condition  are  shown  on  the  following  pages.  Table  A-2  presents 
the  minimum  margins  of  safety  for  the  individual  members  of  the  HEGS-20 
module  for  this  condition. 


TABLE  A-2.  MINIMUM  MARGINS  OF  SAFETY  FOR  THE 
SINGLE-POINT  SUSPENSION  CONDITION 

ELEMENT  MARGIN  OF 

_ MEMBER _ NUMBER _ SAFETY 

FLOOR  ASSEMBLY 


Edge  Beams,  End  Sections 

4 

1.7 

Edge  Beams,  Center  Sections 

33 

.64 

End  Beams 

47,  48 

.18 

Longitudinal  Stringers 

27,  28 

.78 

Intermediate  Transverse  Beams 

57,  58 

.08 

Center  Beam 

42,  43 

.33 

SUPERSTRUCTURE 

Corner  Columns 

62 

1.7 

•  Center  Columns 

78,  79 

Ample 

Upper  Side  Members 

86 

.29 

Upper  End  Members 

65 

6.3 

Upper  Center  Transverse  Member 

80 

160.0 

End  Diagonals 

69 

32.0 

Side  Diagonals 

77 

1.7 

Upper  Diagonals 

83 

220.0 

60 


p  »  690  psf  (limit) 
p  -  .0047919  ksi  (limit) 


Figure  A-7.  Limit  floor  loading  for  the  HEGS-20  module. 
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7.2  Superstructure  Loads  and  Stress  Analyses 

7.2.1  Loads.  Table  A-3  presents  a  summary  of  the  maximum  loads  acting  on 
the  members  of  the  superstructure  for  the  HEGS-20  module.  Loads  for  the 
single-point  suspension  system  were  obtained  from  the  NASTRAN  results. 
Maximum  loads  for  the  longitudinal  and  lateral  racking  conditions  and  the 
stacking  condition  were  obtained  by  using  the  principles  of  static  equilib¬ 
rium.  The  critical  tension  and  compression  loads  acting  on  the  super¬ 
structure  members  are  also  presented. 


7.2.2  Stress  Analysis. 

7. 2. 2.1  Corner  Columns  - 

7. 2. 2.1 .1  Tubing  - 

Material  6061 -T6  Aluminum  Tubing 

Limit  Loads  8.6  kips,  -  16.0  kips 

Size  3-3/4  in.  0D  x  .125  in.  thick 

A  =  1.424  in.2  I  =  2.341  in.4  S  =  1.248  r  =  1.282  in. 


7. 2. 2. 1.1.1  Buckling  at  center  of  tube  -  From  Figure  1.6. 3. 2,  Reference  4: 
B  =  Ll/--  where  L '  =  — 

For  simply  supported  ends,  C  =  1  and  L'  =  L 
Column  length  =  87.19  in. 


B  =  87.19/1,282  =  ]  28] 
it  A  0,000/35.0 

RA  =  1  -  . 385B  =  1  -  .385  (1.281)  =  .507 

Fc  =  Ra  Fcq  =  .507  (35.0)  =  17.74  ksi 

1.5  P 

Ultimate  Compressive  Stress,  f  =  — ^ 


f  -  1.5  (-  16.0)  _  ,,  ,  . 

u  — 1.42T  "  '6-85  ksl 


MS 


17.74 
u  T6T85 


.053 
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TABLE  A-3.  MAXIMUM  SUPERSTRUCTURE  LIMIT  LOADS  FOR  HEGS-20 


7. 2. 2. 1.1. 2  Compression  yield  stress  at  tube  ends  (heat-affected  zone] 


f  -  JL  -  -  16.0 
cy  A  1.424 


11.24  ksi 


F  =  20  ksi 
cy 


M5cy  5  fnw  -  1  ■  ^ 


7 . 2 . 2 . 1 . 1 .  3  Compressive  ultimate  stress  at  tube  ends  (heat-affected  zone] 

Ultimate  Compression  Load,  P  =  1.5  P,  =  1.5  (16.0)  =  24  kips 
p  u  y 

■P  _  u  24.0  _  lr  nr  ,  • 

fcu  A  1.424  16,85  ksi 


Fcu  =  24  ksi 


MS  =  ^4  •  ^  -  1  -  42 

'  TOcu  16.85  1  ^ 


7 . 2 . 2 . 1 . 2  Column  End  Fitting  Lug  - 


Material 
Limit  Loads 


6061-T6  Aluminum  Bar 
8.6  kips,  16.0  kips 


ft 


7.2.2. 1.2.2  Bearing  - 

Abr  =  2  (.500)  (.750)  = 


:  =  LIMIT  16.0 
bry  ~  Abr  ,75 


.750  in.2 


fbry  =  21'33  ksi 
Fbry  =  66  ksi 


MS 


56.0 


bry  21.33 


-  1  *  1.62 


7. 2. 2. 1.2. 3  Tension  in  net  section 


PLIMIT  =  8'6  kips 


A  =  2  (2)  (.500)  (.867)  =  1.734  in.' 


1.5  P 


LIMIT 


tu 


_  1.5  (8.6)  =  7  44  -j 
1.734 


Ftu  =  42.0  ksi 


MS 


42.0 
tu  "  7.44 


-  1  =  1.74 


7. 2. 2. 2  Column  Attach  Pin,  MS20392-10C65  - 


Material 


Pin  diameter 


Alloy  Steel 

F^..  =  125  ksi,  Ft  =  103  ksi,  Fcii  =  75  ksi 


tu 
.747  in 


su 


Double  Shea  rea  =  ^  =  271  (^747^  =  .876  in.2 


P  =  1  5  P 
u  rLIMIT 


=  1.5  (16.0)  =  24.0  kips 


f  =  Ji  _  24.0  07  /in  i  ■ 

fsu  A  .876  27-40  ksi 

s 


F  =  75  ksi 
su 


fIS  -  .  1 

su  27.40  1 


=  1.74 
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7-2. 2. 3  Lower  Corner  Fitting  Lug  - 


Material  5456  -  H321  Aluminum  plate 

Limit  Load  8.6  kips,  -  16.0  kips 


7. 2. 2. 3.1  Shearout 


A$  =  2  (.625)  (3.0  -  1.56  -  ±-^75)  =  .902  in.2 


f  =  -L;MIT  =  M_  =  g  53  ksi 
sy  A  .902  KS1 


Fsy  =  15.0  ksi 


M 


15.0 
sy  9.53 


-  1  =  .57 


7. 2. 2. 3. 2  Tension  - 

At  =  (3.25  -  1.4375)  (.625)  =  1.133 


in. 


P 

'  ty  "  ~A 


f.  =  17.82  ksi 


br 


.898 


=  26.0  ksi 


MS 


_  26.0 
ty  7.59 


1  =  2.42 


7. 2. 2. 3. 3  Bearing  - 

Abr  =  1.4375  (.625) 


f  =  LIMIT  _  16.0 
bry 


br 


.898 


.898  in.2 


=  17.82  ksi 


Fbry  =  44 -°  ksi 


44.0 

17.02 


1  =  1.47 


84 


7. 2. 2. 4  Center  Column  - 
Tube  Material 

Lower  End  Fitting  Material 
Upper  Fitting  Material 
Limit  Load 


6061-T6  Aluminum  tubing 
6061 -T6  Aluminum  bar 
17-4PH  Cond  1025 
-  6.2  kips 


7. 2. 2.4.1  Center  Portion  of  Tube  (Buckling  Analysis)  - 


Tube  size 
A  =  1.424  in.2 


3-3/4  in.  0D  x  .125  in.  thick 


I  =  2.341  in.4 


S  =  1.248  in.' 


r  =  1.282  in. 


Effective  Length  =  88.48  in. 


B  =  l/r  =  88.48/1.282  =  ]  3Q 


no,  000/35.0 


R  =  1  -  .385  B  =  1  -  .385  (1.30)  =  .50 
F„  =  F™  =  -50  (35.0)  =  17.5  ksi 

C  a  LO 

,  .  ]>5  PLIMIT  _  1.5  (-  6.2)  _  f  . 

cu - A - T424 -  6'53  ksi 


17.5 
5cu  6.53 


7. 2. 2. 4. 2  Lower  End  of  Tube  (Heat-Affected  Zone)  - 
Pu  =  1'5  PLIMIT  =  1,5  (6>2)  =  9’3  kips 


f cu  A°  =  K424  6'53  ksi 

Fcu  =  24  ksi 


cu  ‘  6.53 


7. 2. 2. 4. 3  Threaded  Portion  of  -13  End  Fittinc 


Material 

Thread 


Limit  Shear  Stress 


17-4PH  Cond  1025 
1 -3/4-8UN-2B 
2  P 

f  =  LIMIT  = 

Tsy  ndh 


2  (6.2) 
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fsy  =  2.26  ksi 

f  =  1.5  f  =  1.5  (2.26)  =  3.39  ksi 
su  sy  ' 

Fs(j  =  90  ksi 


7. 2. 2. 5  Upper  Structure  - 


7. 2. 2. 5.1  Upper  Sides,  -11  - 


HSsu  =  ^  -  1  -  AMPLE 


Material 


Effective  Length 
Limit  Load 

A  =  1.88  in.2 
0D  =  5.563  in. 


7.2.2.5.1 .1  Buckling  - 


6061 -T6  Aluminum 
5  in.  Schedule  5  Pipe 
99.9  in. 


I  =  6.96  in. 


S  =  2.5  in.' 


B  =  L/r  =  99.9/1.924  =  97g 


r  =  1.924  in. 


/1 0 ,000/35 . 0 


Rft  =  1  -  .385  B  =  1  -  .385  (.978)  =  .623 
F  =  R.  Frn  =  .623  (35.0)  =  21 .83  ksi 

C  M  CO 


r  _  1,5  PLIMIT  _  1.5  (23.3) 

'  .  .  A  1  OO 


18.59  ksi 


.  _  21.82 
5cu  18.59 


7. 2. 2. 5. 1.2  Ultimate  compression  in  heat-affected  zone  - 


1,5  PLIMIT  _  1.5  (23.3)  _ 


18.59  ksi 


F  =  24.0  ksi 
cu 


cu  "  18.59 


I 


7. 2. 2. 5. 2  Upper  Ends,  -13 

Material 

Size 

Effective  Length 
Limit  Load 

A  =  1.88  in.2  I  » 
OD  =  5.563  in. 


6061 -T6  Aluminum 
5  in.  Schedule  5  Pipe 
76.0  in. 

-  17.0  kips 

6.96  in.4  S  =  2.5  in.3 


r  =  1 .924  in. 


7. 2. 2. 5. 2.1  Buckl ing  - 


B  =  L/r  =  76.0/1.924  =  _?44 

,/ETF-  v  /1 0,000/35.0 

RA  =  1  -  .385  B  =  1  -  .385  (.744)  =  .714 


Fc  =  Ra  Fcq  =  .714  (35.0)  =  24.99  ksi 

f  -  1,5  PL IM IT  _  1.5  (17.0),  =  13  56  k  i 
fu  '  A  1.88  S 


MS 


cu 


24.99 

13.56 


7. 2. 2. 5. 2. 2  Ultimate  compression  in  heat-affected  zone  - 


f 

cu 


1,5  PLIMIT  _  1.5  (17.0) 
A  1.88 


=  13.56  ksi 


.84 


F  ,  =24.0  ksi 
cu 


MS 


cu 


24_.(L 

13.56 


.77 


7. 2. 2. 5. 3  Upper  Center  Lateral,  -15  - 


Material 

Size 

Effective  Length 
Limit  Load 
A  =  1.88  in.2 
OD  =  5.563  in. 


6061 -T6  Aluminum 
5  in.  Schedule  5  Pipe 
75.70  in. 

-  3.9  kips 

I  =  6.96  in.4  S  =  2.5  in.3  r  =  1.924  in. 
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7. 2. 2. 5. 3.1  Bucklin 


B  =  l/r  =  75.70/1.924  = 

tt^TF^  7i  /1 0,000/ 35.0 

Ra  =  1  -  .385  B  =  1  -  .385  (.741)  =  .715 


Fc  =  RA  Fco 


.715  (35.0)  =  25.02  ksi 


1.5  P 


LIMIT 


cu 


-  3-11  ksi 


MS 


=  25.02 
cu  3.11 


-  1  =  7.04 


7. 2. 2. 5. 3. 2  Ultimate  compression  in  heat-affected  zone  - 
1.5  P, 


cu 


.hsgn.  3.,lk„ 


F  =  24.0  ksi 
cu 


MS 


24.0 
cu  3.11 


1  =  6.72 


7. 2. 2. 6  Upper  Diagonal  Assembly  -  The  upper  diagonal  assembly  consists  of 
the  Kevlar  cable  and  the  upper  diagonal  fitting  assembly.  This  system 
will  be  initially  preloaded  to  approximately  3.2  kips.  During  operation, 
no  additional  load  will  be  applied  until  the  upper  frame  assembly  grossly 
distorts  under  severe  impact  conditions.  This  system  is  conservatively 
designed  for  an  ultimate  tensile  load  of  20  kips. 


7. 2. 2. 6.1  Kevlar  Cable  -  The  upper  diagonal  Kevlar  cable  is  certified  for 
a  breaking  strength  of  20.0  kips  by  Philadelphia  Resins  Corporation, 
Montgomeryvil le,  Pennsylvania. 


MS 


20.0 

u  '  8.2'  (1.5) 


-  1  =  3.17 


7. 2. 2. 6. 2  Upper  Diagonal  Fitting  Assembly  - 
Ultimate  Design  Load  =  20  kips 

Material  17-4PH  Cond  1025  Stainless  Steel 


"V1®  l-Nf-SB 

CiXM*  UiUl.VS  DlA 


MStu  -l M 


f 


tu 


p 

kult 

aroot 


20.0  = 
7232 


82 . ks i 


Ftu  =  155  ksi 


1 .2.2.1  Side/End  Diagonal  Assembly  -  The  side/end  diagonal  assembly  con¬ 
sists  of  the  Kevlar  cable  assembly,  the  side/end  diagonal  fitting  assembly, 
and  the  side  diagonal  link.  The  maximum  limit  tensile  load  acting  on  the 
system  is  21.9  kips.  Ultimate  load  =  1.5  (21.9)  =  32.85  kips. 


1 .2.2.1  A  Kevlar  Cable  -  The  side/end  diagonal  cables  are  certified  for  a 
breaking  strength  of  58.0  kips  by  Philadelphia  Resins  Corporation, 
Montgomeryville,  Pennsylvania. 


MS 


_  58.0 
su  “  32.85 


.76 


1 .2.2.1 .2  Side/End  Diagonal 

7. 2. 2. 7. 2.1  -13  End  Fitting 

Material 
Limit  Load 
Ultimate  Load 


Fitting  Assembly  - 


17-4PH  Cond  1025  Stainless  Steel 
21 .9  kips 

1.5  (21.9)  =  32.85  kips 
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Tension  in  Reduced  Shank  Area 
At  =  .44  (.75)  =  .33  in.2 


tu 


ULT  _  32.85 
A.  .33 


=99.5  ksi 


Ftu  =  155  ksi 


Bending  in  T-Section 
I  =  .0304  in.4 


ms  =  _  i 

TOtu  99.5 


.56 


c  =  .5 


Mu  =  ^  a  =  32,852('4-35-)-  =  7.14  kip-in. 

f  =  =  7.14  (.50)  _  ^  ^ 

' tu  I  .0304  '• 


F.  =  155  ksi 
tu 


MS 


155.0 


tu  '  TT775  "  '  "  ^ 


-  1  =  .32 


Tension  in  Thread  Root 

Thread:  3/4-16UNF-3A-LH 
Root  Diameter  =  .6733  in. 


Root  Area:  A 


ROOT 


_  n(  .6733;  _ 


=  .356  in. 


Material  17-4PH  Cond 

Ultimate  Load  32.85  kips 


it. so 


***  flirt 


Shearout  in  Lugs 

As  =  2  (2)  (.190)  (1.0  -  .375)  =  .475  in.2 

f  =  =  32^85  =  69  16  ksi 

su  A$  .475 

F  =90  ksi 
su 


90.0 
69.16  " 


Net  Tension  in  Lugs 

AT  =  2  (.190)  (2  -  .750)  =  .475  in.2 

f  =  ^  =  HiP-  =  69.16  ksi 
tu  Aj  .475 

F.  =155  ksi 
tu 


MS 


155.0 
tu  '  69.16 


-  1 


Tension  in  Thread  Root 

Thread:  3/4-16UNF-3A 
Root  Diameter  =  .6733  in. 


Root  Area :  ^R00T 


tt(  ,6733)2 
4 


.356  in. 


2 


tu  A 


ROOT 


=  =  92<28  ksi 
.  ODD 


F 


tu 


=  155  ksi 


MS 


tu 


155.0 

92.28 


=  .30 


=  1.24 


=  .68 
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Material 
Limit  Load 
Ultimate  Load 


5456-H321  Aluminum  Plate 
21 .9  kips 


1  5  P 

'*  LIMIT 


1.5  (21.9) 


Shearout  in  Lug 


As  =  2  (1.240)  (1.0  -  .375)  =  1.55  in.' 


LIMIT  21.9 


sy 


1.55 


=  14.13  ksi 


Fsy  =  15  ksi 


MS 


sy 


Tension  in  Lug 


At  =  1.240  (2.0  -  .75)  =  1.55  in.' 


f. 


LIMIT  21.9 


=  32.85  k 


2  wol£S  (-*£_ 


15.0 
14.13  " 


14.13  ksi 


AD- A 10*  1S7  KAKAN  AEROSPACE  CORP  BLOOMFIELD  CT  F/6  1/5 

ADVANCED  TECHNOLOGY  LI6HTWEIGHT  GONDOLA  SYSTEM  EXPERIMENTAL  FAB— E1COJI 
JOL  81  J  D  PORTERFIELD  DAAKS1-79-C-0U36 

UNCLASSIFIED  R-1630  USAAVRADC0M-TK-B1-D-24  NL 


1 


M 

m  y 

0 

iU 

1 

■ 

2 

"w 

□ 

i 

A 

4k. 

A 

J 

il 

I 

Material 


103  ksi 


zrzzsr. 


I 


Pins 


>er  Diagonal  Attach  Pins  - 

Alloy  Steel : 


MS20392-9C47 
MS20392-9C59 
.625  in. 

20  kips 


Pin  Diameter 
Design  Ultimate  Load 

For  Double  Shear: 


A  =  2  (">  j-625>  =  .614  in.2 

s  4 


f  =  -T-  =  =  32.57  ksi 

su  A  .614 
s 

Fsu  =  75  ksi 


Ftu  =  125  ksi’  Fty 
Fsu  =  75  ksi 


MS 


75.0 
su  32.57 


1  =  1.30 


7.2.2.11  Side/End  Diagonal  Attach  Pins  - 


Material 


Pins 

Pin  Diameter 
Limit  Load 
Ultimate  Load 

For  Double  Shear: 


Alloy  Steel : 


Ftu  =  125  ksi,  Ft  =  103  ksi, 

F  =  75  ksi 
su 


MS20392-10C59 
MS20392-1 0C85 
.75  in. 

21.9  kips 

1.5  (21.9)  =  32.85  kips 


.  .884  in.2 


f  =  -J!  =  32 . 85  92  ksi 

su  As  .844  KS1 

Fsu  “  75  ksi 


MS 


75.0 


su  38.92 


1  =  .93 


i' 

B 
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APPENDIX  B 


TEST  RESULTS  FOR  THE  HEGS -20  MODULE 


SUMMARY 


All  acceptance  tests  were  completed  successfully  with  the  exception  of 
the  dimensional  verification.  Several  dimensions  were  slightly  out  of 
tolerance.  This  condition  was  attributed  to  shrinkage  of  the  unit  during 
welding  and,  possibly,  to  the  limited  accuracy  of  the  inspection  procedure. 
A  drawing  error  accounted  for  the  clear  distance  between  the  lower  portion 
of  the  center  columns  being  smaller  than  required. 
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INTRODUCTION 

The  HEGS-20  module  developed  for  the  Applied  Technology  Laboratory,  U.  S. 
Army  Research  and  Technology  Laboratories,  Fort  Eustis,  Virginia,  under 
Contract  DAAK51-79-C-0036,  "Advanced  Technology  Lightweight  Gondola  System 
Experimental  Fabrication,"  is  described  in  the  basic  section  of  this 
report.  The  testing  requirements  for  this  program  were  composed  of  two 
tasks:  Task  B,  Fabrication  and  Test  (Verification  Hardware),  and  Task  E, 
Test  (Full-Scale  Assemblies).  Critical  elements/components  to  be  tested 
during  Task  B  were  defined  as: 

1.  Upper  corner  fitting  assembly 

2.  Lower  corner  fitting  assembly 

3.  Corner  vertical  column  assembly 

4.  Side/end  diagonal  assembly,  consisting  of  the  diagonal 
fitting  assembly  and  the  diagonal  cable 

5.  HEGS-20  floor  assembly. 

An  investigation  of  the  test  fixtures  and  procedures  required  to  individ¬ 
ually  test  these  components  revealed  the  difficulty  in  identifying  and 
applying  the  system  of  loads  acting  on  components  such  as  the  upper  and 
lower  corner  fittings.  It  was  therefore  concluded  that  the  testing  of 
the  Task  B  components  would  be  more  accurately  accomplished  by  testing 
them  in  the  full-scale  assembly  of  Task  E.  This  combined  testing  permitted 
the  application  of  the  correct  loads  to  each  component  of  the  assembly, 
eliminated  the  duplicity  of  test  effort,  expedited  the  test  program,  and 
reduced  the  testing  costs  while  still  fulfilling  the  test  requirements  of 
Tasks  B  and  E. 
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The  Acceptance  Test  requirements  for  the  HEGS-20  module  were: 

1.  Dimensional  verification 

a.  Length 

b.  Width 

c.  Height 

d.  Diagonals:  side,  end,  and  top 

e.  Corner  fittings 

f.  Length  between  centers  of  apertures  in  corner  fittings 

g.  Width  between  centers  of  apertures  in  corner  fittings 

h.  Effective  lateral  interior  width  between  corner  posts 

i.  Effective  lateral  interior  width  between  center  posts 

2.  Empty  weight 

3.  Rapid  connect  and  disconnect  of  end  and  side  diagonals, 
and  end  and  center  posts 

4.  Roll-on,  roll-off,  and  drive-through 

5.  Rapid,  versatile  cargo  tie-down  and  release 

6.  Stacking  two-high  gondolas  loaded  to  payload  capability 
weight  with  the  most  severely  loaded  condition 

7.  1  g  floor  racking  condition 

8.  2.3  g  limit  load  single-point  suspension  lift  test 

9.  0.6  g  lateral  racking. 

All  of  the  above  tasks  were  performed,  except  the  stacking  test.  The 
requirements  of  the  stacking  test  were  met  during  the  performance  of  the 
0.6  g  lateral  racking  test  in  that  the  critical  component  during  the 
stacking  test,  the  corner  columns,  was  more  severely  loaded  during  the 
0.6  g  lateral  racking  test. 


Dimensional  Verification 


Required  measurements  were  recorded  for  both  HEGS-20  modules  fabricated 
during  this  program  and  are  presented  in  Table  B-l .  For  each  dimension 
reported,  the  actual  dimension  and  the  amount  of  out-of-tolerance  are 
shown.  Where  out-of- tolerance  existed,  it  is  denoted  by  a  "U"  for  under 
tolerance  or  an  "A"  for  above  tolerance.  In  general,  the  out-of-toler¬ 
ances  noted  in  this  table  are  small  and  are  not  considered  detrimental 
to  the  functional  operation  of  the  modules.  The  dimensional  discrepancy 
noted  for  the  effective  lateral  interior  width  between  the  lower  ends  of 
the  center  posts,  however,  is  significant  and  was  caused  by  a  combination 
of  a  drawing  error  and  the  lateral  shrinkage  of  the  floor  assembly  during 
welding.  The  drawing  has  been  corrected  and  the  method  of  dimensioning 
the  locations  of  the  square  center  post  holes  has  been  changed  to  insure 
that  out-of-tolerance  will  be  eliminated  in  subsequent  units. 

Empty  Weight 

The  empty  weights  for  the  two  HEGS-20  modules  were  determined  by  using  a 
calibrated  strain  gage  link  attached  to  a  lifting  sling  and  hoist.  The 
resulting  weights  are: 

S/N  1  Empty  weight  =  1,455  pounds 

S/N  2  Empty  weight  =  1,416  pounds. 

The  39-pound  difference  in  weight  between  S/N  1  and  S/N  2  is  principally 
associated  with  the  "learning  curve"  effect,  wherein  welding  sequences 
and  techniques  used  during  the  fabrication  of  S/N  1  were  revised  and 
improved  upon  during  the  fabrication  of  S/N  2. 


TABLE  B-l .  REQUIRED/ACTUAL  MEASUREMENTS  FOR  FABRICATED  HEG S-20  (continued) 


TABLE  B-1.  REQUIRED/ACTUAL  MEASUREMENTS  FOR  FABRICATED  HEGS-20  (continued) 
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Rapid  Connect  and  Disconnect  of  End  and  Side  Diagonals,  and  End  and  Center 
Posts 

The  rapid  connect  and  disconnect  of  the  end  and  side  diagonals  and  the 
center  post,  as  well  as  the  corner  posts,  were  demonstrated.  Figure  B-l 
shows  the  insertion  of  the  T-bar  diagonal  end  fitting  into  the  lower  corner 
fitting  slot.  Figure  B-2  shows  the  T-bar  fittings  for  the  side  diagonals 
and  the  center  columns  installed  in  the  center  support  structure  of  the 
floor  assembly.  Figure  B-3  shows  the  HEGS-20  module  prepared  for  side 
loading  with  the  side  diagonals  and  the  center  column  removed  from  one 
side.  Time  to  connect  or  disconnect  a  diagonal  is  approximately  15  to  20 
seconds;  a  similiar  amount  of  time  is  required  to  remove  the  center  column 
after  the  side  diagonals  have  been  removed.  The  normal  procedure  to  be 
followed  during  side  diagonal  and  center  column  removal  is  as  follows: 

1.  Loosen  all  side  diagonals  until  the  T-bar  fittings  can  be 
twisted  90  degrees  and  withdrawn  from  the  corner  fitting 
slots  and  from  the  center  support  structure.  This  requires 
that  the  turnbuckle  be  rotated  until  the  diagonal  assembly 
length  has  increased  approximately  2  inches. 

2.  Remove  center  column  by  rotating  the  jack  screw  to 
shorten  the  column  approximately  1-1/2  inches. 

The  procedure  for  installing  the  center  column  and  the  side  diagonals  is 
the  reverse  of  the  above. 

During  normal  operation  of  the  HEGS-20  module,  corner  column  removal  will 
not  be  required.  When  removal  is  necessary  for  component  repair,  etc., 
the  upper  and  lower  column  attachment  pins  are  pulled  after  first 
removing  cotter  pins  from  the  ends  of  the  flanged  attachment  pins. 
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Figure  B-3.  HEGS-20  module  with  center  column  and  side  diagonals  removed. 


Roll-on,  Roll-off,  and  Drive-through 

The  feasibility  of  driving  a  truck  onto,  through,  and  off  the  HEGS-20 
module  was  demonstrated,  as  shown  in  Figures  B-4,  B-5,  B-6,  B-7,  and  B-8. 
Figures  B-4  and  B-5  show  the  truck  entering  the  module.  A  ramp  was  used 
to  assist  the  two-wheel -drive  vehicle  onto  the  module,  but  none  would  be 
required  for  a  military  four-wheel -drive  vehicle.  Figures  B-6  and  B-7 
show  the  vehicle  loaded  on  the  module.  Driver  egress  from  the  vehicle 
could  be  either  through  the  open  window  or  through  the  door,  if  one  side 
diagonal  was  removed  to  permit  the  door  to  open.  Figure  B-8  shows  the 
vehicle  driving  off  the  module  without  a  ramp. 

Cargo  Tie-down  and  Release 

The  HEGS-20  has  fifty  2,500-pound-capacity  tie-down  rings  systematically 
located  and  mounted  on  the  perforated  deck  plate  of  the  floor  assembly. 
Figure  B-9  demonstrates  the  use  of  these  tie-down  rings  for  securing  a 
typical  cargo-loaded  pallet. 

Stacking 

The  structural  capability  of  the  HEGS-20  module  for  withstanding  the  loads 
acting  on  it  during  the  two-module-high  stacking  condition  was  demon¬ 
strated  during  the  lateral  racking  test  described  in  a  following  section. 
The  critical  component  of  the  gondola  module  during  the  stacking  test, 
the  corner  column,  is  subjected  to  a  maximum  limit  compression  load  of 
9.0  kips  when  the  load  distribution  is  60/40.  During  the  lateral  racking 
test,  the  same  column  is  subjected  to  a  maximum  limit  compression  load  of 
16.0  kips,  a  substantial  increase  over  that  experienced  during  the  stacking 


Figure  B-4.  Drive-on  demonstration 


HLT-.S-20  modulo  loaded  with  a  truck  -  side  view. 


HEGS-20  nodule  loaded  with  a  truck  -  end  view. 


The  1  g  floor  racking  test  was  designed  to  test  the  ability  of  the  HEGS-20 
floor  assembly  to  resist  the  loads  imposed  on  it  during  loading  or 
unloading  operations  on  uneven  terrain  with  the  center  columns  and  the 
side  diagonals  removed.  Requirements  for  this  test  were  to  distribute  a 
1  g  load  (25,000  pounds)  over  a  footprint  area  of  83.33  square  feet  to 
obtair  a  uniform  loading  of  300  psf  centered  about  the  60/40  load  distribu¬ 
tion  center  of  gravity  location  while  supporting  one  corner  of  the  floor 
at  a  level  6  inches  above  the  remaining  three  corners. 

A  precast  reinforced  concrete  block  having  a  footprint  area  of  83.33  square 
feet  and  weighing  approximately  25,000  pounds  (Figure  B-10)  was  fabricated 
for  this  test.  Foam  blocks  placed  on  1/4-inch-thick  plywood  sheets  were 
located  on  the  floor  prior  to  loading  the  concrete  block.  The  purpose  of 
these  foam  blocks  was  to  distribute  the  weight  of  the  relatively  rigid  con¬ 
crete  block  over  the  flexible  floor  assembly.  Figure  B-ll  shows  the  1  g 
concrete  block  being  placed  on  the  foam  base  at  the  60/40  load  distribution 
location.  After  the  concrete  block  was  in  place,  the  upper  structure  was 
attached  to  the  corner  columns,  as  shown  in  Figure  B-12,  and  the  end  diag¬ 
onals  were  installed.  The  corner  of  the  module  furthest  from  the  load 
center  of  gravity  was  lifted  just  enough  to  permit  slipping  a  6-inch-thick 
beam  underneath  it,  as  shown  in  Figures  B-13  and  B - 1 4 .  This  position  was 
maintained  for  5  minutes  and  then  the  beam  was  removed.  As  shown  in  Fig¬ 
ure  B-15,  the  corner  did  not  return  to  its  original  position,  signifying 
that  a  slight  amount  of  permanent  set  was  experienced.  This  distortion 
was  not  in  evidence,  however,  after  the  floor  assembly  was  loaded  with  a 
2.3  g  limit  load  for  the  single-point  suspension  lift  test  subsequently 
performed. 

2.3  g  Limit  Load  Single-Point  Suspension  Lift  Test 

The  2.3  g  single-point  lift  condition  for  the  HEGS-20  module  produces  the 
critical  loads  in  the  side  diagonals,  upper  side  structure,  and  floor 


Figure  B-ll.  Installation  of  1  g  concrete  block  on  foam  base  for  floor  racking  test 


Figure  B-12.  Installation  of  upper  structure. 
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structure.  Requirements  for  this  test  were  to  apply  a  2.3  g  load  (57,500 
pounds)  at  the  60/40  center  of  gravity  location  and  distribute  this  load 
over  the  footprint  area  of  83.33  square  feet  to  produce  a  pressure  of 
690  psf.  The  module  was  then  to  be  suspended  by  a  four-leg  sling,  the 
lower  end  of  each  leg  being  attached  to  an  upper  corner  fitting  and  the 
upper  end  of  each  leg  meeting  at  a  common  point. 

Lengths  of  each  sling  leg  were  to  be  equal  and  were  to  be  orientated  such 
that  their  true  angle  from  the  vertical  was  approximately  30  degrees. 

Two  precast  reinforced  concrete  blocks,  weighing  approximately  1.0  g  and 
1.3  g,  were  used  to  apply  the  2.3  g  test  load  to  the  floor  of  the  HEGS-20 
module.  As  with  the  1.0  g  floor  racking  test,  contoured  foam  blocks  were 
placed  on  1/4-inch-thick  plywood  sheets  to  aid  in  evenly  distributing  the 
load  over  the  footprint  area.  Figure  B - 1 6  shows  the  two  concrete  blocks 
placed  on  foam  blocks  at  the  60/40  center  of  gravity  position  prior  to 
installing  the  upper  structure  and  diagonals.  Figure  B-17  shows  the  upper 
end  of  the  corner  column  being  pinned  to  the  upper  corner  fitting  lug  and 
also  shows  the  chain  assembly  used  at  each  upper  corner  fitting  to  attach 
tne  individual  legs  of  the  lifting  sling.  Additional  lead  ballast  weights 
were  added  to  the  top  of  the  concrete  blocks  to  bring  the  total  weight 
lifted  to  the  desired  57,500  pounds. 

After  the  module  was  completely  assembled  and  all  of  the  diagonals 
tightened,  the  module  was  lifted  off  the  ground  by  a  crane.  Figures  B-18, 

B - 1 9 ,  and  B-20  show  several  views  of  the  module  being  suspended  clear  of 
the  ground. 

Upon  the  completion  of  this  test,  the  module  was  visually  and  dimensionally 
inspected.  During  the  visual  inspection  of  the  underside  of  the  floor 
structure,  five  of  the  welds  joining  flanges  of  the  intermediate  transverse 
beams  to  flanges  of  the  continuous  longitudinal  stringers  were  found  to  be 
cracked,  two  at  one  end  and  three  at  the  other  end  of  the  structure.  These 
welds  were  repaired  prior  to  performing  the  0.6  g  lateral  racking  test.  A 
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Figure  B-18.  2.3  g  single-point  suspension  -  end  view. 
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comparison  of  dimensions  taken  prior  to  and  after  the  completion  of  the 
2.3  g  limit  load  single-point  suspension  test  indicated  that  no  appreci¬ 
able  change  took  place,  since  dimensional  differences  that  did  occur  were 
within  the  accuracy  of  the  method  of  measurement. 

Lateral  Racking 

The  0.6  g  lateral  racking  test  substantiates  the  structural  capabilities 
of  the  corner  columns,  the  end  members  of  the  upper  structure,  and  the 
side  and  end  diagonal  assemblies.  As  shown  in  Figure  B-21 ,  the  HEGS-20 
module  was  mounted  in  a  test  frame  with  the  module  floor  restrained  from 
motion.  A  hydraulic  cylinder  mounted  horizontally  to  a  vertical  test 
frame  member  and  orientated  in  the  end  plane  of  the  module  was  used  to 
apply  a  compression  load  to  the  side  of  the  upper  corner  fitting.  The 
load,  monitored  by  a  calibrated  pressure  gage,  was  gradually  applied  until 
0.6  g  (15,000  pounds)  was  reached.  At  this  time,  the  deflection  of  the 
upper  structure  at  the  load  cylinder  was  measured  as  2.125  inches.  Upon 
release  of  the  load,  the  upper  end  of  the  module  returned  to  within 
.063  inch  of  its  original  no-load  position.  Inspections  performed  during 
and  after  the  test  did  not  reveal  any  adverse  effects  or  distortions. 
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